INTRODUCTION
============

Body mass index (BMI) is a universal measure used to determine the weight to height ratio of an individual. According to the World Health Organization (WHO), individuals with a BMI of less than 18.5 are considered to be underweight, while those with a BMI greater than 30 are classified as obese (Class I obesity ≥30, Class II ≥35, and Class III ≥40). A different BMI standard is recommended for Asians-as Asians in general have a lower mean or median BMI, which could lead to an underestimation of health risks. The Asian-Pacific standard considers a BMI of higher than 25 to be the marker of obesity (Class I obesity ≥25, Class II ≥30, and Class III ≥40)-and a BMI of lower than 18.5 is regarded as being underweight \[[@b1-pi-2017-06-28]\].

In Korea, there has been a decline in people with normal BMI over the past few years. Instead, the numbers of both obese and underweight men and women have increased. According to the National Health Insurance Service of Korea, approximately 6.0% of the population was underweight in 2010, but the percentage increased to 7.4% in 2014. Also, there was a 1.1% and 0.4% increase in obesity among men and women, respectively \[[@b2-pi-2017-06-28]\]. Being either underweight or obese is known to be related to various public health problems-health issues which can pose a significant threat to our society.

Obesity is associated with a variety of different medical conditions and mortality. Diabetes, coronary artery disease, and stroke are some of the few disorders that are comorbid with obesity \[[@b3-pi-2017-06-28]\]. It has also been reported that obesity has been found to have been associated with having increased psychiatric symptoms. Studies have found a strong positive relationship between obesity and lifetime diagnoses of mood disorders and anxiety disorders \[[@b4-pi-2017-06-28]\] and depressive symptoms in community-based samples \[[@b5-pi-2017-06-28],[@b6-pi-2017-06-28]\]. In addition, obese individuals have been found to have had a higher risk for suicide as compared to individuals with a normal BMI \[[@b7-pi-2017-06-28]-[@b9-pi-2017-06-28]\].

Similarly, a higher risk for psychiatric disorders or symptoms has been reported among underweight individuals. Sunwoo et al. \[[@b10-pi-2017-06-28]\], for instance, observed that underweight Korean adults had a comparatively higher risk for depressive disorder than those with normal BMI. A 2015 study found that underweight older adults (aged over 50), followed by those with obesity, reported the highest levels of depressive symptoms in comparison to those with intermediate body weight (the data was depicted by a U-shaped association) \[[@b11-pi-2017-06-28]\]. An increase in suicide risk among underweight individuals has been reported by many previous studies worldwide \[[@b12-pi-2017-06-28]\], but this association has not hitherto been investigated in Korea.

So far, we have seen that many previous studies have demonstrated an association between BMI and negative indexes of life, such as psychiatric symptoms and suicide. If that is the case, it is then possible to wonder whether BMI also has a significant association with one's subjective wellbeing. Although previous studies found an association between obesity and perceived stress \[[@b13-pi-2017-06-28]\] along with obesity and lower quality of life \[[@b14-pi-2017-06-28]\], its relationship with being underweight has not been investigated. We believed that the question of whether there may exist a similar association between BMI, perceived stress, and life dissatisfaction ought to be investigated. We hypothesized that such a possible association could be stronger in Korea, especially among the underweight group. It was found that Asians (including Koreans, Japanese, and Taiwanese) were more likely to see themselves as overweight even though their mean BMI were lower than other countries. Also, an attempt to lose weight was most prevalent among Asians compared to other 18 countries \[[@b15-pi-2017-06-28]\]. Persistently failed efforts at weight control could increase stress and overall life dissatisfaction.

The goal of our study is to investigate the relationship between BMI and suicide behaviors (suicide ideation and attempt) using nationally representative survey data of Korean adults. The population was sampled via a stratified, multistage cluster sampling method based on the 2010 Population Census Data at the National Statistical Office of South Korea. Furthermore, we aim to investigate whether the BMI is related to the general wellbeing of the individuals. Thus, the association between BMI, perceived stress, and life dissatisfaction will also be explored in our study.

METHODS
=======

Sample selection
----------------

Participants of the study were recruited from the Korean Epidemiological Catchment Area Replication (KECA-R), a national survey which was conducted from July 2011 to September 2011. As indicated earlier, the population sampling of the KECA-R study used a stratified, multi-stage cluster sampling method based on the 2010 Population Census Data of the National Statistical Office (of South Korea). A total of 6,022 subjects, aged between 18 and 74, participated in the study. The response rate was 78.7%. Of the 6,022 participants, 117 did not report either their weight or their height and thus had to be excluded. Thus, a total of 5,905 participants were included in this study's analysis.

Assessment of suicide behaviors
-------------------------------

A lifetime history of suicide ideation and suicide attempt was assessed based on participants' responses. The assessment of suicide behaviors consisted of two questions which were (for suicide ideation) "Have you ever seriously thought about committing suicide?" and (for suicide attempt) "Have you ever attempted suicide?" Willing participants chose to answer either "Yes" or "No" to these questions.

Assessment of perceived stress and life dissatisfaction
-------------------------------------------------------

All of the subjects were asked one question each about perceived stress and life dissatisfaction. For perceived stress, the question asked was "How much stress do you experience in daily life?" and for life dissatisfaction, the question was "In general, how satisfied are you with your life?." \[[@b16-pi-2017-06-28]\] Each of the questions were answered according to a 5-point Likert scale. Subjects were considered to have severe perceived stress if they scored either a 1 or a 2, whereas those who scored 3 or more were counted as suffering little to no stress. Similarly, subjects with either a score of 1 or 2 were classified as life dissatisfaction group. The rest of the participants with scores greater than 2 were considered to have a personally satisfying life. For both of the questions, there were only few.

Assessment of BMI
-----------------

The BMI for each person was calculated from the self-reported weight and height of each. Using the WHO's BMI criteria for the Asian-Pacific region, participants were divided into four subgroups: underweight (\<18.5 kg/m^2^), normal (18.5--22.95 kg/m^2^), overweight (23--24.9 kg/m^2^), or obese (≥25 kg/m^2^).

Assessment of psychiatric disorders
-----------------------------------

All of the participants were interviewed face-to-face, using the Korean version of the Composite International Diagnostic Interview (K-CIDI) \[[@b17-pi-2017-06-28]\]. The K-CIDI allows for diagnosis of various psychiatric disorders based on the criteria of the fourth Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). K-CIDI interviewers received a 5-day training session based on standard protocols and training materials developed by the WHO \[[@b18-pi-2017-06-28]\]. A lifetime prevalence of mood, anxiety, and alcohol disorders were examined in this article.

Ethics statement
----------------

The present study protocol was reviewed and approved by the Institutional Review Board of Seoul National University (IRB No. C-1104-092-359). Informed consent was submitted by all subjects when they were enrolled.

Statistical analysis
--------------------

As stated above, the subjects were divided into four BMI groups-underweight, normal, overweight or obese. The group differences in demographic variables were investigated using a chi-square test or Analysis of Variance (ANOVA). Bivariate logistic regression models were used to examine the relationship between BMI and dependent variables, which were: Suicide behaviors (ideation and attempt), perceived stress, and life dissatisfaction. The normal BMI group was regarded as the reference group. The analyses adjusted for the potential compounding effects of age, gender, marital status, education, monthly income, and psychiatric disorders. SPSS 21.0 (IBM Corp., Armonk, NY, USA) was used for all statistical analyses, and the statistical significance was tested at an alpha level of \<0.05.

RESULTS
=======

Demographic characteristics of the sample
-----------------------------------------

Each of the participants was classified into one of the four BMI groups. Out of the total number of participants, 5.8% were underweight (\<18.5 kg/m^2^), 48.8% were normal (18.5--22.9 kg/m^2^), 23.0% were overweight (23--24.9 kg/m^2^), and 22.4% were obese (≥25 kg/m^2^). The demographic and clinical characteristics of each BMI group are shown in [Table 1](#t1-pi-2017-06-28){ref-type="table"}. Age, gender, marital status, education, and prevalence of alcohol disorders showed significant group differences. Each BMI group's risk of suicidal behaviors, perceived severe stress, and life dissatisfaction are shown in [Figures 1](#f1-pi-2017-06-28){ref-type="fig"} and [2](#f2-pi-2017-06-28){ref-type="fig"}.

BMI, suicide ideation, and suicide attempt
------------------------------------------

[Table 2](#t2-pi-2017-06-28){ref-type="table"} provides the unadjusted and adjusted odd ratios (Model I and Model II) for suicide ideation and suicide attempt for each BMI group. Compared to individuals with a normal BMI, the underweight group (OR, 1.6; 95% CI, 1.18--2.05) and obese group (OR, 1.3; 95% CI, 1.11--1.56) showed significantly greater odds for suicide ideation. The significance persisted after adjusting for age, gender, marital status, education, monthly income, and psychiatric disorders. The underweight group had a significantly higher risk of having attempted suicide (AOR, 2.4; 95% CI, 1.34--4.37) but obesity had no significant association with attempting suicide ([Table 2](#t2-pi-2017-06-28){ref-type="table"}).

BMI, severe perceived stress, and life dissatisfaction
------------------------------------------------------

[Table 3](#t3-pi-2017-06-28){ref-type="table"} provides unadjusted and adjusted odd ratios for severe perceived stress and life dissatisfaction. Relative to individuals with a normal BMI, underweight individuals were more likely to have severe perceived stress (OR, 1.7; 95% CI, 1.26--2.17) and life dissatisfaction (OR, 1.3; 95% CI, 1.07--1.68). Adjustment for the potentially confounding factors of age, gender, marital status, education, monthly income, and psychiatric disorders did not have an impact on the significance of the result. Other BMI groups had no significant association with severe perceived stress and life dissatisfaction ([Table 3](#t3-pi-2017-06-28){ref-type="table"}).

DISCUSSION
==========

In this paper, we have shown that among the adult population in Korea, underweight individuals had an elevated risk for having attempted suicide. Underweight individuals in our study were twice more likely than their normative counterparts to have attempted suicide. Consistent with our study, a systematic review of BMI and suicidal death demonstrated an inverse relationship between the two, meaning that underweight individuals have the greatest risk of suicide, whereas obese people have the lowest risk \[[@b19-pi-2017-06-28]\]. The result could partially be related to the high prevalence of depressive disorder among the underweight Korean adult population, given that depressive individuals are more vulnerable to suicide \[[@b10-pi-2017-06-28]\]. However, the associations between being underweight and attempting suicide remained significant even after controlling for mood disorders as well as for anxiety and alcohol use disorders. This suggests that the correlation between BMI and suicide cannot by fully explained by psychiatric disorders. Some see biological mechanisms as playing a role in linking BMI and suicide. For example, a high level of tryptophan and serotonin among individuals with a higher BMI could reduce suicide risk \[[@b20-pi-2017-06-28]\]. Also, insulin resistance in obese individuals increases brain serotonin level, which may decrease suicide behaviors \[[@b21-pi-2017-06-28]\]. However, these explanations--in their focus on obesity and low suicide risk--do not fully explain why underweight individuals are at higher risk of suicide. Future research should try to better understand the suicidal tendencies of underweight individuals.

Another important result of our study was the finding of a higher risk for suicide ideation among obese and underweight subjects. This suggests that deviation from the normal BMI range is a significant risk factor for suicide ideation. The increase in prevalence of suicide ideation among obese individuals is most often interpreted as being due to a decrease in self-esteem due to social stigma. In Korea, there is a pervasive societal norm that mastery over one's body is a symbol of selfmanagement and competence. We believe that such societal pressure, along with one's own desire for a thinner body, can cause psychological distress to those who are fatter or thinner than others. Wardle et al. \[[@b15-pi-2017-06-28]\] found that the majority of Korean women (77%) were trying to lose weight. This percentage was the highest in comparison to 22 other countries. The pressure to lose weight can lead to engagement in inappropriate weight control behaviors such as fasting or purging/vomiting. Recent study found that individuals with high inappropriate weight control behaviors were more likely to have suicide ideation or attempted suicide \[[@b22-pi-2017-06-28]\].

Contrary to our findings with regards to suicide ideation and BMI, a systemic review by Perera et al. \[[@b19-pi-2017-06-28]\] found little evidence to support an association between suicide ideation and BMI, after adjusting for the potentially confounding variables. The results of our study remained significant even after adjusting for such confounding variables as age, gender, marital status, education, monthly income, and psychiatric disorders. Our study focused on a nationally representative sample of more than 5,000 Korean adults--a data set which we believe to be of sufficient reliability from which to draw conclusions about BMI and suicide among Koreans. Also, our study involved face-to-face interviewing using K-CIDI to diagnose possible psychiatric disorders and its effect on the results. A majority of the BMI and suicide ideation studies included in the literature review did not adjust for psychiatric disorders. These factors could result in findings inconsistent with those of previous studies which have examined suicide ideation and BMI.

Underweight individuals were not the only ones who were found to have a higher risk for suicidal behaviors. The subjective well-being of underweight individuals seemed to be lower than that of other BMI groups. Individuals who are underweight perceived themselves to be suffering from severe stress, and they were also more likely to express dissatisfaction with their life. Although our study did not examine why underweight individuals have lower subjective well-being, several hypotheses can be made. The underweight group in our study consisted of mostly females (nearly 80%) who are younger and single, possibly with higher sensitivity to their body size. The females were more likely to believe that they are overweight \[[@b15-pi-2017-06-28]\], and their perception of being overweight was associated with poorer life satisfaction \[[@b23-pi-2017-06-28]\]. In other words, underweight individuals in our study were found to believe that they are overweight (although physically, they are actually not), and perhaps a consequence of this is their poorer life satisfaction. Another explanation for the severe stress and life dissatisfaction of the underweight group could be related to a shared personality trait such as neuroticism. A number of existing studies found a high level of neuroticism among under-weight individuals \[[@b24-pi-2017-06-28],[@b25-pi-2017-06-28]\] and among those with anorexia nervosa \[[@b26-pi-2017-06-28],[@b27-pi-2017-06-28]\]. Neuroticism was also associated with a lower level of happiness \[[@b28-pi-2017-06-28],[@b29-pi-2017-06-28]\]. Our study did not consider the potentially confounding variables of either subjective perception of body size or personality traits, so future studies should examine each when investigating one's psychological wellbeing.

Our study had several limitations. First, our research used self-reported body weights and heights to calculate BMI. The use of an objective measure could have been more accurate, but many previous researches have also used BMI based on self-reported measures \[[@b7-pi-2017-06-28],[@b10-pi-2017-06-28]\]. Second, our study did not analyze the results for males and females separately. Nearly 80% of the participants in the underweight group were female, so it was difficult to run separate tests for each gender. Instead, we have treated gender as a confounding variable to reduce its impact on the result. Gender and other sociodemographic variables did not have a significant impact on our results. Third, the relationship between life satisfaction and suicide can be influenced by severity of depressive symptoms but we only adjusted the effects of depressive disorders. Hence effects of minor depressive symptoms could have affected the results. Fourth, the results of our study do not explain why underweight individuals were more vulnerable to suicide behaviors, severe stress, or life dissatisfaction. Future research should explore possible mechanisms behind the relationship, along with possible mediating variables. Furthermore, the design of our study did not allow us to examine causal inferences between variables. The results of our study do not provide direction of effect.

Despite its limitations, our study has important strengths. It is the first study to investigate the relationship between BMI and suicidal behaviors among a nationally representative general population in Korea. BMI and suicide attempt were found to be related according to an L-shape curve, while prevalence of suicide ideation presented according to a U-shaped curve. Similarly, the relationship observed for severe perceived stress and life dissatisfaction was L-shaped. Examination of stress and life dissatisfaction in relation to BMI enabled us to understand that being underweight is a risk factor-not only for a serious psychopathology like suicidal behavior, but also for subjective well-being. The findings carry the implication that it is important to consider a person's BMI status when examining suicidal tendencies and subjective wellbeing.

This work was supported by a research grant from the Korean Ministry of Health and Welfare and Korea Healthcare Technology R&D project, Ministry of Health and Welfare, Republic of Korea \[Grant number HI12C0035\].

The authors thank all the interviewers and the Korean Ministry of Health and Welfare for their cooperation and assistance.

![Prevalence of suicide ideation and suicide attempt in the BMI groups. BMI: Body Mass Index.](pi-2017-06-28f1){#f1-pi-2017-06-28}

![Prevalence of severe perceived stress and life dissatisfaction in BMI groups. BMI: Body Mass Index.](pi-2017-06-28f2){#f2-pi-2017-06-28}

###### 

Demographic and clinical characteristics of the study sample by the BMI groups

  Characteristics                BMI groups    p value                                   
  ------------------------------ ------------- ------------- ------------- ------------- ----------
  No. of participants            343           2,884         1,357         1,321         
  Age (mean, SD)                 35.4 (14.9)   41.2 (14.8)   46.4 (13.9)   45.0 (13.7)   \<0.0001
  Female gender (%)              79.6          57.4          41.8          36.2          \<0.0001
  Marital status (%)                                                                     \<0.0001
   Married                       39.1          57.4          68.3          68.5          
   Divorced/widowed/separated    10.2          11.2          12.7          12.7          
   Unmarried                     50.7          31.4          18.9          18.8          
  Education years (mean, SD)     12.8 (3.6)    12.7 (4.9)    12.0 (3.9)    12.2 (5.7)    \<0.0001
  Monthly household income (%)                                                           0.01
   \<2000\$                      42.7          37.5          37.1          40.7          
   2,000--3,000\$                23.8          26.8          27.2          26.9          
   ≥3,000\$                      33.5          35.7          35.7          32.4          
  Psychiatry disorders (%)                                                               
   Mood disorders                9.3           7.6           5.5           8.5           0.01
   Anxiety disorders             10.7          9.1           8.5           7.7           0.27
   Alcohol disorders             7.9           12.6          15.6          15.0          \<0.05

BMI: Body Mass Index

###### 

Adjusted ORs of suicide ideation and suicide attempt by BMI groups (relative to normal BMI group)

  Variables                                                 BMI (kg/m^2^)                                                                                           
  --------------------------------------------------------- --------------- -------------------------------------------------------------- ----- ------------ ----- --------------------------------------------------------------
  Unadjusted OR                                                                                                                                                     
   Suicide ideation                                         1.6             1.18--2.05^[\*\*](#tfn4-pi-2017-06-28){ref-type="table-fn"}^   0.9   0.74--1.08   1.3   1.11--1.56^[\*\*](#tfn4-pi-2017-06-28){ref-type="table-fn"}^
   Suicide attempt                                          2.0             1.23--3.31^[\*](#tfn3-pi-2017-06-28){ref-type="table-fn"}^     0.8   0.54--1.21   1.2   0.83--1.70
  Model I^[a](#tfn1-pi-2017-06-28){ref-type="table-fn"}^                                                                                                            
   Suicide ideation                                         1.8             0.99--1.90                                                     1.0   0.79--1.20   1.3   1.08--1.61^[\*\*](#tfn4-pi-2017-06-28){ref-type="table-fn"}^
   Suicide attempt                                          1.8             1.04--3.18^[\*](#tfn3-pi-2017-06-28){ref-type="table-fn"}^     0.8   0.52--1.38   1.2   0.76--1.77
  Model II^[b](#tfn2-pi-2017-06-28){ref-type="table-fn"}^                                                                                                           
   Suicide ideation                                         1.6             1.10--2.21^[\*](#tfn3-pi-2017-06-28){ref-type="table-fn"}^     0.8   0.77--1.21   1.3   1.06--1.62^[\*](#tfn3-pi-2017-06-28){ref-type="table-fn"}^
   Suicide attempt                                          2.4             1.34--4.37^[\*\*](#tfn4-pi-2017-06-28){ref-type="table-fn"}^   0.8   0.48--1.28   1.2   0.78--1.89

adjusted for gender, age, marital status, education and monthly income,

adjusted for gender, age, marital status, education, monthly income and psychiatric disorders (mood disorders, anxiety disorders, alcohol use disorders).

p\<0.05,

p\<0.01.

BMI: Body Mass Index, OR: odd ratio

###### 

Adjusted ORs of severe perceived stress, life dissatisfaction by BMI status (relative to normal BMI group)

  Variables                                                 BMI (kg/m^2^)                                                                                              
  --------------------------------------------------------- --------------- ---------------------------------------------------------------- ----- ------------ ------ ------------
  Unadjusted OR                                                                                                                                                        
   Severe perceived stress                                  1.7             1.26--2.17^[\*\*\*](#tfn9-pi-2017-06-28){ref-type="table-fn"}^   0.9   0.73--1.1    1.06   0.88--1.29
   Life dissatisfaction                                     1.3             1.07--1.68^[\*](#tfn7-pi-2017-06-28){ref-type="table-fn"}^       1.0   0.86--1.14   1.0    0.89--1.16
  Model I^[a](#tfn5-pi-2017-06-28){ref-type="table-fn"}^                                                                                                               
   Severe perceived stress                                  1.4             1.00--1.90^[\*](#tfn7-pi-2017-06-28){ref-type="table-fn"}^       0.9   0.74--1.12   1.0    0.78--1.18
   Life dissatisfaction                                     1.3             1.03--1.74^[\*](#tfn7-pi-2017-06-28){ref-type="table-fn"}^       0.9   0.79--1.06   0.9    0.81--1.09
  Model II^[b](#tfn6-pi-2017-06-28){ref-type="table-fn"}^                                                                                                              
   Severe perceived stress                                  1.5             1.04--2.02^[\*](#tfn7-pi-2017-06-28){ref-type="table-fn"}^       0.9   0.76--1.12   0.9    0.76--1.16
   Life dissatisfaction                                     1.4             1.06--1.80^[\*\*](#tfn8-pi-2017-06-28){ref-type="table-fn"}^     0.9   0.79--1.06   0.9    0.80--1.08

adjusted for gender, age, marital status, education and monthly income,

adjusted for gender, age, marital status, education, monthly income and psychiatric disorders (mood disorders, anxiety disorders, alcohol use disorders).

p\<0.05,

p\<0.01,

p\<0.001.

BMI: Body Mass Index, OR: odd ratio
